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(54) Memory cell with fuse element

(57)  The presentinvention relates to a one-time pro-
grammable memory cell and a method of setting a state
for a one-time programmable memory cell. The memory
cell includes a storage element adapted to store data
and two thin gated fuses coupled to the storage element,
adapted to set the state of the memory cell. A level shift-
er device is connected to the gated fuses and is adapted
to stand off a high voltage when setting the state of the
memory cell. At least one switch transistor is connected
to atleast the level shifter device and is adapted to select
at least one of the gated fuses, enabling a high voltage
to be communicated thereto, thus setting the state of the
memory cell. A programming device is coupled to the
storage element and is adapted to keep at least one of
the gated fuses low when setting the state of the mem-
ory cell.
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Description

[0001] One embodiment of the present invention re-
lates to a memory cell with a gated fuse element. More
specifically, one embodiment of the present invention
relates to a one time programmable memory cell with
thin gate-ox fuse elements.

[0002] There are two main types of memory cells or
devices used in the field of data storage. The first type
is volatile memory that has the information stored in a
particular memory cell, where the information is lost the
instant power is removed. The second type is a non-
volatile memory cell in which the information is pre-
served even with the power removed. Of the second
type, some designs provide for multiple programming
while other designs provide for one-time programming.
Typically, the manufacturing techniques used to form
such non-volatile memories are quite different from a
standard logic processes, thereby dramatically increas-
ing the complexity and chip size of such memories.
[0003] One-time programmable memory cells or de-
vices have numerous applications, specifically long-
term applications. For example, one-time programma-
ble memory cells may be used in post package program-
ming to install security codes, keys or identifiers. These
codes, keys or identifiers cannot be electrically altered
or decoded without destroying the circuitry. Further,
such one-time programmable memory cells or devices
may be used to make a device unique for a specific ap-
plication. Alternatively, such memory cells or devices
may be used as memory elements in programmable log-
ic and read only memory devices.

[0004] One known one-time programmable memory
cell uses storage elements combined with poly fuses.
Poly fuses in general are resistors that require a great
deal of current, on the order of many milliamps, to set
the state of (i.e., "blow") the fuse. Building a memory
device array using such poly fuse elements requires
adding a switch to the array, used to switch the current
through the selected fuse to be blown. Adding such a
switch to a memory cell adds to the overall size of the
memory cell, increasing manufacturing cost.

[0005] Another limitation associated with a poly fuse
is that the resistance ratio of the poly fuse is fairly close
together, having only about one order of magnitude dif-
ference in value. In other words, the resistance of poly
fuses before the blow and the resistance after the blow
is fairly close. Therefore, sensing the difference be-
tween a blown and un-blown poly fuse is difficult, requir-
ing the addition of a very large operational amplifier into
the circuit to sense the state of the fuses. Adding such
an operational amplifier to a memory cell adds to the
overall size of the memory cell, increasing manufactur-
ing cost.

[0006] Further, itis difficult to control the programmed
state resistance of the poly fuses. For example, one con-
ventional programmed poly fuse may have a resistance
of a few kilo ohms, while a neighboring poly fuse in the
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same memory cell array may have a resistance in the
range of 10 to 100 kilo ohms.

[0007] Yet another limitation of the conventional poly
fuses is the instability of their programmed state resist-
ance. Specifically, the resistance of the programmed po-
ly fuses tends to increase over time. In the worst case,
the programmed poly fuse may actually switch from the
programmed state to an unprogrammed state resulting
in circuit failure.

[0008] CMOS technology is the integration of both
NMOS and PMOS transistors on a silicon substrate. The
NMOS transistor consists of a N-type doped polysilicon
gate, a channel conduction region, and source/drain re-
gions formed by diffusion of N-type dopant in the silicon
substrate. The channel region separates the source
from the drain in the lateral direction, whereas a layer of
dielectric material that prevents electrical current flow
separates the polysilicon gate from the channel. Simi-
larly, the PMOS transistor architecture is the same as
the NMOS transistor provided previously but using a P-
type dopant.

[0009] The dielectric material separating the polysili-
con gate from the channel region usually consists of
thermally grown silicon dioxide (SiO,) material (referred
to as the gate oxide or oxide) that leaks very little current
through a mechanism called Fowler-Nordheim tun-
neling under voltage stress. When the transistor is
stressed beyond a critical electrical field (applied volt-
age divided by the thickness of the oxide) the oxide rup-
tures, destroying (referred to as "blowing") the transis-
tor.

[0010] Thin gate oxides allow direct tunneling current
to behave quite differently than thicker oxides that ex-
hibit Fowler-Nordheim tunneling. Rupturing the thin ox-
ide requires consideration for pulse width duration and
amplitude to limit power through the gate oxide to pro-
duce reliable, low resistance gate-ox fuse transistors.
[0011] Rupturing the gate oxide is one technique used
to program a non-volatile memory array. U.S. Patent No.
6,044,012 discloses a technique for rupturing the gate
oxide of a transistor. But here the oxide is about 40 to
70A thick. The probability of direct tunneling, rather than
Fowler-Nordheim tunneling, of gate current through an
oxide of this thickness is extremely low. Furthermore,
the voltage required to rupture this thick oxide is sub-
stantially high and requires using a charge pump circuit.
The '012 patent does not disclose a final programmed
resistance, but is believed to be in the high kilo ohms
range.

[0012] U.S. Patent No. 5,886,392 discloses a one-
time programmable element having a controlled pro-
grammed state resistance with multiple fuses. Both the
final resistance values are in the high kilo ohms range
and the spread of these values is wide as well. Again,
a complicated circuit would have to be designed if the
final resistance is not within a tight range. Adding more
fuses may lower the resistance but increases the die
size.
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[0013] Further limitations and disadvantages of con-
ventional and traditional approaches will become appar-
ent to one of skill in the art, through comparison of such
systems with the present invention as set forth in the
remainder of the present application with reference to
the drawings.

BRIEF SUMMARY OF THE INVENTION

[0014] Features of the present invention may be
found in memory cell or device and method of program-
ming a memory cell. In one embodiment, the memory
cell comprises a storage element adapted to store data
and a gated device coupled to the storage element,
adapted to set a state of the memory cell or device.
[0015] In yet another embodiment, the present inven-
tion relates to a one-time programmable memory cell
comprising a storage element adapted to store data and
at least one thin gate-ox fuse coupled to the storage el-
ement, adapted to set a state of the memory cell.
[0016] In another embodiment, the present invention
relates to a one-time programmable memory cell com-
prising a storage element adapted to store data and two
gated fuses coupled to the storage element, adapted to
set a state of the memory cell. A level shifter is connect-
ed to the gated fuses and is adapted to stand off a high
voltage when setting the state of the memory cell. At
least one switch transistor is connected to at least the
level shifter and is adapted to select at least one of the
gated fuses, enabling a high voltage to be communicat-
ed thereto, thus setting the state of the memory cell. A
programming device is coupled to the storage element
and is adapted to keep at least one of the gated fuses
low when setting the state of the memory cell.

[0017] One embodiment for setting the state of the
memory cell is also contemplated. This method com-
prises setting the state of a memory cell having at least
one thin oxide gated fuse, by rupturing the at least one
thin oxide gated fuse. Rupturing the thin oxide fuse com-
prises creating less than about a 6 volt difference across
the fuse. More specifically, rupturing the thin oxide gated
fuse comprises creating about a 5 volt difference across
the fuse.

[0018] Otheraspects, advantages and novel features
of the present invention, as well as details of an illustrat-
ed embodiment thereof, will be more fully understood
from the following description and drawings, wherein
like numerals refer to like parts.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE
DRAWINGS

[0019]

Fig. 1 illustrates a block diagram of a memory cell
having a storage element and gated fuses in ac-
cordance with one embodiment of the present in-
vention;
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Fig. 2 illustrates a circuit diagram of a memory cell
having a storage element and gate-ox fuses similar
to the memory cell of Fig. 1 in accordance with one
embodiment of the present invention;

Fig. 3 illustrates a circuit diagram of a 6T storage
element similar to that storage element illustrated
in Fig. 2;

Fig. 4 illustrates a deep N-well MOSFET gate-ox
fuse similar to the gate-ox fuses illustrated in Fig. 2;

Fig. 5 illustrates another embodiment of a gate-ox
fuse similar to the gate-ox fuse illustrated in Fig. 4;
and

Fig. 6 illustrates a flow chart depicting one method
of setting a state or programming a memory cell in
accordance with one embodiment of the present in-
vention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Commonly assigned application Serial No.
09/739,752, the complete subject matter of which is in-
corporated herein by reference, discloses the physical
current used to rupture, breakdown or blow the gated
fuse having an oxide with a thickness of about 2.5nm or
less (alternatively referred to as "thin oxide or thin gate-
ox fuse"). In this embodiment, the physical current is
dominated by a different mechanism than in prior art fus-
es fabricated according to 0.35 um and 0.28 um process
technologies. In the present invention, the oxide rupture
may be more controlled and the final programmed re-
sistance is much lower than conventional memory de-
vices using poly fuses. A smaller variance on pro-
grammed resistance provides for a more compact circuit
design to determine the state of the memory cell. More-
over, the lower voltage required to rupture the oxide of
the gate-ox fuse means no charge pump circuitry is re-
quired, thus providing for a simpler memory cell array
design and smaller circuitry requirement.

[0021] Fig. 1 illustrates a block diagram of a memory
cell or device in accordance with one embodiment of the
present invention. More particularly, Fig. 1 illustrates a
one-time programmable memory cell or device 10. In
this embodiment, the memory cell 10 comprises at least
a storage element 12 and thin gate-ox fuse element 14
connected, coupled or otherwise communicating there-
to. Additionally, the memory cell 10 comprises program-
ming device 16, level shifter 18 and switch transistors
20 as shown.

[0022] Fig. 1 further illustrates a plurality of electrical
connections or couplings. Electrical connections col 36
and colb 38 are shown coupled to programming device
16. The connections rrow 30A and 30B, rbit 32 and rbitb
34 are shown connected, coupled or otherwise commu-
nicating with storage element 12. The read connection
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40 is shown coupled to level shifter 18. Furthermore,
wbit 44, wbitb 46 and write 42 are shown connected to
switch transistors 20.

[0023] A circuit diagram of one embodiment of a
memory device or memory cell 200 (similar to the mem-
ory cell 10) is illustrated in Fig. 2. In this embodiment,
the programming device (similar to the programming de-
vice 16 of Fig. 1) comprises programming device 216A
and switch transistors 216B. The switch transistors
216B are used to select an appropriate fuse (i.e., fuse
262 or 264) and, during programming, allow a high volt-
age (about 6.0 volts or less, but generally about 5.0 volts
for example) to be communicated to the selected fuse
element.

[0024] Programming device 216A is used to keep the
non-programmed (i.e., non-selected) transistor low
when setting the state of the memory cell. That is, pro-
gramming device 216A protects the non-selected fuse
from floating high during programming. This prevents
the non-selected fuse from accidentally blowing. In this
embodiment, the programming device 216A comprises
two NFet transistors 274 and 276, connected to col 236
and colb 238 via their respective gates. The switch tran-
sistors for programming 216B comprise four PFet tran-
sistors 280, 282, 284 and 286. In one embodiment of
the present invention, wbit 244 is coupled to transistors
280 and 282; wbitb 246 is coupled to transistors 284 and
286; and write 242 is coupled to the gates of transistors
282 and 286 as shown.

[0025] The storage elementin one embodiment of the
present invention comprises a storage element 212A
and 212B similar to the storage element 12 in Fig. 1. In
the illustrated embodiment, storage element 212 com-
prises two PFet transistors 250 and 252 and four NFet
transistors 254, 256, 258 and 260. As illustrated, tran-
sistor 254 is coupled to rbit 232 and rrow 230A; transis-
tor 254 is coupled to row 230 via its gate; and transistor
260 is coupled to rrow 230B and to rbitb 234. It is antic-
ipated that in one embodiment, the storage element 12
comprise a 6T transistor similar to the 6T transistor 312
illustrated in Fig. 3.

[0026] Additionally, the memory cell or memory de-
vice 200 includes at least one, but generally two or more,
level shifter devices 218A and 218B to standoff the high
voltage (about 6.5 volts but generally about 5.0 volts for
example) used to set the state of the memory cell. Level
shifting device 218A comprises two NFet transistors
coupled to VDD 25 via their gates. Level shifter 218B
comprises two PFet transistors 270 and 272 coupled to
read 240 via their gates.

[0027] In one embodiment, level shifter devices 218A
and 218B protect the other PFet and NFet transistors of
the memory cell, when setting the state thereof. For ex-
ample, PFet transistors 270 and 272 of level shifter
218B protect the other PFet transistors in the memory
cell from the high voltage used during programming (i.
e., setting the state of the memory cell). Likewise, the
NFet transistors 266 and 268 of level shifter 218A pro-
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tect the other NFet transistors in the memory cell from
the high voltage used during programming.

[0028] In one embodiment of the present invention,
the fuse element 214 comprises two thin gate-ox NFet
transistors 262 and 264 coupled to cell 263A and cell
263B via their respective gates. In this embodiment,
cellb 263B is coupled to transistors 272 and 268 of the
level shifters and cell 263A is coupled to transistor 270
and 266 of the level shifters in addition to being coupled
to transistors 262 and 264.

[0029] It is contemplated that, in one embodiment of
the present invention, each memory cell consists of one
storage element, one level shifter, one programming de-
vice, etc. as provided previously although other arrange-
ments are contemplated. Furthermore, it is contemplat-
ed that a larger memory may consist of a plurality of
memory cells, each memory cell consisting of a storage
element, gated fuses, level shifter, etc. as provided pre-
viously.

[0030] Referring to Fig. 3, one embodiment of a 6T
CMOS SRAM storage element 312 is illustrated (similar
to the storage elements 12 and 212 provided previous-
ly). In one example, the 6T CMOS SRAM storage ele-
ment 312 comprises two PFet transistors 350 and 352
and four NFet transistors 354, 356, 358 and 360. A PFet
transistor is turned on by a logic 0 at its gate and is
adapted to pass or transmit a logic 1. An NFet transistor
is turned on by a logic 1 at its gate and is adapted to
pass or transmit a logic 0. The storage elements may,
in one embodiment of the present invention, be ar-
ranged in a plurality of rows and columns.

[0031] The storage element 312 is either in a low or
high stored memory state. If a logic O is stored (i.e., stor-
age element 312 is in a low stored state) recording new
and opposite information stores a logic 1 on the storage
element (i.e., a high stored state). If logic 1 is recorded
on storage element 312 (i.e., storage element 312 is in
a high stored state) recording new and opposite infor-
mation records logic O (i.e., changes the storage ele-
ment to a low stored state).

[0032] In the illustrated embodiment, the transistor
350 is illustrated coupled to VDD, to transistors 356,
352, 358 and 360 via its gate and to transistors 354, 356,
352 and 358 via its drain connection. Transistor 352 is
illustrated coupled to VDD, to transistors 358, 350, 354
and 356 via its gate and to transistors 360, 358, 350 and
356 via its drain connection.

[0033] Transistor 354 is illustrated coupled to at least
the rbit 332 via its drain, to rrow 330A and transistor 360
via its gate, and to transistors 350, 356, 352 and 358 via
its source connection. Transistor 360 is illustrated cou-
pled to at least rbitb 334 via its drain, to rrow 330A and
transistor 354 via its gate, and to transistors 350, 352,
356 and 358 via its source connection. Transistor 356
is illustrated coupled to at least transistors 350, 352, 360
and 358 via its gate and to transistors 350, 352, 354 and
358 via its drain connection. Transistor 358 is illustrated
coupled to at least transistors 350, 352, 354, 356 via its
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gate and to transistors 350, 352, 360 and 356 via its
drain connection. Transistors 356 and 358 each have
their sources tied to VSS or ground.

[0034] Fig. 4 illustrates one embodiment of a deep N-
well MOSFET gate-ox fuse 400 having an oxide less
than about 2.5nm in thickness used with a storage ele-
ment according to one embodiment of the present in-
vention. The fuse 400 includes a deep N-well 402.
N3v5out is illustrated coupling source 404 and drain
406. The gate 408 is coupled to vlioad (not shown). This
low voltage CMOS gate-ox fuse transistor is pro-
grammed by controlled pulses of electrical current hav-
ing predetermined amplitude to rupture its gate oxide.
The electrical power through the gate oxide cannot ex-
ceed a certain voltage and duration so as to avoid cre-
ating a void in the gate oxide.

[0035] The advantage of the deep N-well 402 is that
it isolates the memory cell, enabling biasing the well,
source and drain to about -3.5 volts. During a write op-
eration about 2.5 volts for example is applied to the gate
through the vload, thus effectively creating less than
about a 6 volt voltage difference across the gate 408
oxide to rupture it. For example, in one embodiment
about a 5 volt voltage difference is created across the
gate oxide rupturing it.

[0036] When the gate oxide is blown, a conductive
path is formed between the gate electrode and the
source/drain regions of the gate-ox fuse transistor. This
resistance, under controlled electrical pulses, will be in
the hundreds of ohms range or less, which is 4 orders
of magnitude lower than the resistance prior to program-
ming. To apply the high programming voltage across the
gate oxide of the gate-ox fuse transistor, the drain and
source regions of the antifuse transistor are connected
to ground, and a programming voltage is applied to the
gate of the fuse transistor as provided previously.
[0037] Fig. 5illustrates another embodiment of a gate
ox-fuse having an oxide with a thickness of about 2.5nm
or less in which a deep N-well transistor is not used. The
transistor's gate (shown as capacitor 502) is tied to a
1.2 volt sensing circuit 504 and a 5 volt tolerant switch
506. The 5 volt tolerant switch 506 is constructed from
Input/Output MOS devices having a thicker gate oxide.
For example, a 9 volt tolerant switch that may be used
to implement this alternative embodiment of the present
invention is described in "A High-Voltage Output Buffer
Fabricated on a 2V CMOS Technology", by L.T. Clark,
1999 Symposium on VLSI Circuits Digest of Technical
Papers (June 1999), the complete subject matter of
which is incorporated herein by reference. These thicker
gate oxide devices are connected to one end of a resis-
tor 508, whose other end is tied to a supply of less than
about 6.0 volts for example (a 5.5 volt supply is illustrat-
ed). Using appropriate switching, the oxide is ruptured
to program the gate-ox fuse transistor.

[0038] One embodiment of the present invention
comprises setting a state or programming a one-time
programmable memory cell. Fig. 6 illustrates a flow
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chart for setting the state of a one-time programmable
memory cell comprising a storage element and thin
gate-ox fuses in accordance with one embodiment of
the present invention. This method includes selecting
one of the gate-ox fuses to be blown as illustrated by
block 610. In one embodiment of the present invention,
the switch transistors are used to select one of the two
thin oxide gate fuses.

[0039] This method includes protecting the non-se-
lected fuse from the high voltage so that this fuse doesn't
accidentally blow as illustrated by block 612. In one em-
bodiment of the present invention, the programming de-
vice protects the non-selected fuse, preventing it from
floating high during programming (i.e., setting the state
of the memory cell). Furthermore, the method includes
protecting the memory cell by standing off the high volt-
age as illustrated by block 614. In one embodiment of
the presentinvention, the level shifters stand off the high
voltage during programming, protecting the other tran-
sistors in the memory cell. A high voltage is communi-
cated to the selected fuse element as illustrated by block
616. In accordance with one embodiment the switch
transistors are used to communicate the high voltage to
the selected one of the two thin gate-ox fuses. The meth-
od includes rupturing the oxide gated fuse as illustrated
by block 618. In one embodiment of the present inven-
tion this includes using the switch transistors to create
at least about a six volt for example difference across
the fuse. More specifically, this method includes creat-
ing about a five volt different across the fuse, rupturing
the oxide and setting the state of the memory cell.
[0040] According to one embodiment of the present
invention, the physical current used to rupture the thin
oxide is dominated by a different mechanism than in pri-
or art poly fuses and fuses fabricated according to
0.35um and 0.28um process technologies. In the
present invention, the oxide rupture of the gated fuse is
more controlled and the final programmed resistance is
much lower than conventional devices, for example, the
programmed resistance is in the range of 4 Kohms. A
smaller variance on programmed resistance allows a
more compact circuit design to determine the state of
the memory cell.

[0041] Moreover, the thin gate-ox fuse requires little
current to rupture the thin oxide, just a low voltage which
may be provided directly from the system bus. Using a
low voltage to rupture the oxide of the gated fuse elim-
inates the need for charge pump circuitry required to
blow the poly fuses. Eliminating the need for the charge
pump results in a simpler memory cell array design and
smaller circuit area requirement. The simpler design
and smaller circuit area requirement reduces manufac-
turing costs.

[0042] Another advantage of the present invention is
the compact nature of the non-volatile one-time pro-
grammable memory using the thin oxide gated fuse in
comparison to memory cells using poly fuses. For ex-
ample, such memory cells using gated fuses may be 17
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times smaller than memory cells using poly fuses. Inte-
grating a multitude of gated fuses into a memory device
on a single IC may be achieved according to the present
invention.

[0043] Controlling the programmed state resistance
of a one-time programming memory cell is also possible
according to the present invention. The thin oxide gated
fuse has a four order of magnitude difference in resist-
ance between the before or un-blown and the after or
blown states. This makes the circuitry design easier and
more compact because the low programmed resist-
ance, tighter resistance spread, and little or no resist-
ance variation with time. Further, such large difference
between the blown and un-blown states provides more
reliability in the field, resulting in a less complicated
sensing scheme.

[0044] The present invention may be implemented
with various changes and substitutions to the illustrated
embodiments. For example, the present invention may
be implemented on substrates comprised of materials
other than silicon, such as, for example, gallium, arse-
nide or sapphire.

[0045] Many modifications and variations of the
present invention are possible in light of the above
teachings. Thus, it is to be understood that, within the
scope of the appended claims, the invention may be
practiced otherwise than as described hereinabove.

Claims

1. A memory device comprising: .
a storage element adapted to store data; and
a gated device coupled to said storage element
and adapted to set a state of the memory de-
vice.

2. The memory device of Claim 1, wherein said gated

device comprises at least one gate-ox fuse ele-

ment.

3. The memory device of Claim 2, wherein said gate-
ox fuse element is a thin gate-ox fuse element.

4. The memory device of Claim 3, wherein an oxide of
said thin gate-ox fuse element is about 2.5nm thick.

5. The memory device of claim 3, wherein an oxide of
said thin gate-ox fuse element is less than about
2.5nm thick.

6. The memory device of Claim 2, wherein said gate-
ox fuse element comprises at least two coupled

NFet transistors.

7. The memory device of Claim 1, wherein said stor-
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10.

1.

12.

13.

14.

15.

16.

age element comprises a 6T storage element.

The memory device of Claim 7, wherein said 6T
storage element further comprises at two PFet tran-
sistors and four NFet transistors.

The memory device of Claim 1, including a level
shifter adapted to standoff a high voltage required
to set said state of the memory device.

The memory device of Claim 9, wherein said level
shifter includes at least one PFet transistor adapted
to standoff said high voltage to at least one other
PFet transistor in the memory cell.

The memory device of Claim 9, wherein said level
shifter includes at least one NFet transistor adapted
to standoff said high voltage to at least one other
NFet transistor in the memory cell.

The memory device of Claim 1, including a pro-
gramming device adapted to set said state of said
memory device.

The memory device of Claim 12, wherein said pro-
gramming device includes at least one switch tran-
sistor adapted to select at least one gated device
and allow a high voltage to be communicated there-
to.

The memory device of Claim 12, wherein said pro-
gramming device includes at least one transistor
adapted to keep at least one gated device low when
setting said state of the memory device.

A one-time programmable memory cell comprising:
a storage element adapted to store data; and
at least one thin gate-ox fuse coupled to said
storage element and adapted to set a state of
the memory cell.

A one-time programmable memory cell comprising:
a storage element adapted to store data;
two gated fuses coupled to said storage ele-
ment and adapted to set a state of the memory
cell;

a level shifter connected to said gated fuses
and adapted to stand off a high voltage when
setting said state of the memory cell;

at least one switch transistor connected to at

least the level shifter and adapted to select at
least one of said gated fuses and enable a high
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voltage to be communicated thereto, setting
said state of the memory cell; and

a programming device coupled to said storage
element and adapted to keep at least one of the
gated fuses low when setting said state of the
memory cell.

The memory cell of Claim 16, wherein said gated
fuses are thin oxide gated fuses.

The memory cell of Claim 16, wherein said level
shifter includes at least one PFet transistor adapted
to standoff said high voltage to at least one other
PFet transistor in the memory cell.

The memory cell of Claim 16, wherein said level
shifter includes at least one NFet transistor adapted
to standoff said high voltage to at least one other
NFet transistor in the memory cell.

A method of setting a state of a memory cell having
at least one thin oxide gated fuse comprising rup-
turing the at least one thin oxide gated fuse.

The method of Claim 20, wherein rupturing the thin
oxide fuse comprises creating less than about a 6
volt difference across the fuse.

The method of Claim 20, wherein rupturing the thin
oxide fuse comprises creating about a 5 volt differ-
ence across the fuse.
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